The utilization of acetoacetic acid in animal tissues is commonly ascribed to two types of metabolic processes: reduction to ,B-hydroxybutyric acid and oxidation to CO2 and water. The reduction and its reversibility was first observed by Friedmann & Maase (1910) and Wakeman & Dakin (1910) . The occurrence ofan oxidative breakdown became established when Magnus-Levy and Knoop showed that acetoacetic acid is a normal intermediate in the decomposition of fatty acids. It was further demonstrated in conclusive experiments by Snapper & Grinbaum (1927) . This pioneer work was later confirmed and amplified by many workers, especially when the tissue slice technique was applied (Jowett & Quastel, 1935; Quastel &A Wheatley, 1935; Edson & Leloir, 1936) . Reference to details of this work will be made later in this paper in connexion with our own findings.
As yet, relatively little is known about the intermediary steps in which acetoacetate disappears. Krebs & Johnson (1937) showed that the reduction can be brought about by dismutation with x-ketonic acids:
acetoacetate + a ketoglutarate + H20 -> -hydroxybutyrate +succinate +'CO2, acetoacetate + pyruvate + H20 +-hydroxybutyrate + acetate +002 .
As for the mechanism of oxidation, Weil-Malherbe ( 1938) excluded z-hydroxyacetoacetate as an intermediate. Hoff-Jorgensen (1940) reported that erythro-1:2-dihydroxybutyrate is rapidly destroyed after intravenous injection, whilst little or none of the threo-form is attacked under the same conditions. Weil-Malherbe (1938) , in contrast, found that the threo-form increases the 02 uptake of, and is removed by, kidney cortex, whilst the erythro-form was inactive. Kleinzeller (1943) found that crotonate, vinylacetate, y-hydroxybutyrate and dl-2:3dihydroxybutyrate are oxidizable in kidney cortex.
The substances which are metabolized are possibly, but not necessarily, normal intermediates; further experiments will be required to decide whether they are normal metabolites. Breusch (1943) and apparently independently Wieland & Rosenthal (1943) recently suggested that the -CH2. CO2H grouping of acetoacetate is transferred as a whole to oxaloacetate, resulting in the formation of citric acid: CH,.CO.CH2.CO2H + CO2H o. cCH.COH +CH20 citric acid+ acetic acid (Breusch, 1943) ,
CH3.CO.CH2.CO2H + 2CO2H . Co. CH2. CO2H + H20 -42 citric acid (Wieland & Rosentha] , 1943).
(2) These schemes attempt to explain the observation that under some conditions oxaloacetate and acetoacetate together form more citric acid than oxaloacetate alone. 11 In the present investigation an effort is made to examine as fully as possible the chemical changes which accompany the disappearance of acetoacetate from animal tissues. It'is already known from previous work (Jowett & Quastel, 1931; Breusch, 1943) and was soon confirmed by our own experiments that the removal of acetoacetic acid is in some tissues linked up with the metabolism of the C4 dicarboxylic acids, especially fumarate, malate and oxaloacetate. Preliminary work indicated that the chief chemical changes associated with the removal of acetoacetate concern, apart from P-hydroxybutyrate, the di-and tricarboxylic acids of the tricarboxylic acid cycle. We determined therefore the changes in the concentrations of the following 15 substances: acetoacetate, fl-hydroxybutyrate, the eight acids of the tricarboxylic acid cycle, pyruvate, lactate, o-hydroxyglutarate, 02 and C02. In some experiments most of the above metabolites were estimated, in others only a few.
EXPERIMENTAL Tissue mnaterial
Minced versus sliced tissues. Preliminary experiments on sheep kidney cortex showed that the rates of removal of acetoacetate in sliced and in minced tissue are under certain conditions of the same order of magnitude. We preferred to use minced tissues for most experiments because relatively large quantities of tissues-between 10 and 20 g. fresh weight-were frequently needed for the many different analyses. To slice these quantities would have required too much time. It is possible to mince 20 g. of tissue within a few minutes, whereas slicing the necessary amount would have taken at least 30-40 min. and might have resulted in loss of enzyme activity.
Choice of tissue. Mammalian heart muscle was found to have the highest rate of acetoacetate removal, Qa.-ac.
reaching values up to -30. Kidney cortex was about half as active as heart; in other tissues the rate of acetoacetate metabolism was very much lower. In pigeon breast muscle, for example, the rate is only of the order of magnitude of the non-enzymic decomposition and its accurate measurement is therefore difficult.
Most experiments were carried out on sheep heart muscle obtained from the abattoir. The animal was electrically stunned and bled through the carotids. Immediately afterwards the sternum was sawn apart and the heart, still beating, removed and placed in a jar containing ice and iced water. It was then transported to the laboratory which it reachedwithin 20 to 40 min. The rapid removal of the heart from the animal and efficient cooling were essential for the preservation of the metabolic activities. The enzymes in heart muscle, like those of skeletal muscle, appear to be somewhat more labile than those in most other tissuespresumably because post-mortal changes, especially the lactic acid formation, are more rapid in cardiac and skeletal muscle than in other tissues.
Tissue suspensions. The tissue was minced in a Latapie mill, weighed and suspended evenly in 6-5 vol. of ice-cooled saline. The saline medium was calcium-free phosphate saline (Krebs & Eggleston, 1940) . Three volumes of this suspension were measured into the experimental vessel and 1 vol. of further solutions was added-substrates, usually in 0-2 M solution and/or enough saline medium to bring the concentration of the tissue in the final suspension to 10% (w/v, calc. for fresh weight). For the calculation of Q values the dry weight was assumed to be one-fifth of the wet weight. When anaerobic conditions were required, the vessel was filled with N2 and a stick of yellow phosphorus was placed in a special compartment of the vessel to remove traces of 02. The suspension was shaken at 40°for specified periods. At the end of this period, i vol. 2N-HC1 was added to stop metabolic processes. The suspension was then cooled in an ice-bath and stored in a refrigerator until it was required.
Vessels
Some experiments were carried out in conical Warburg flasks of about 20 ml. size, provided with a side-arm and a centre well. These were used when a small number of metabolites was to be analyzed, or when the 02 uptake and the C02 output were to be measured. When larger amounts of tissue suspension were required for analytical purposes, either large conical manometer vessels of the dimensions shown in Fig. 1 were used, or flasks shown in Fig. 2 , which resemble those described by Krebs (1932) , with the addition of a centre well (to hold a stick of yellow phosphorus in anaerobic experiments) and the provision of a side-arm (from which substrates can be added after the complete elimination of 02 by the phosphorus). These flasks were shaken in a water-bath at 400 as described by Krebs (1932) .
Substrates
Oxaloacetic acid was prepared according to Wohl & Oesterlin (1901) and Wohl & Claussner (1907) . It was dissolved and neutralized with M-NaHCO3 immediately before use.
Preparation of acetoacetate. 2-6 ml. of recently distilled ethylacetoacetate and 10-2 ml. 2N-NaOH were made up to 20 ml. with water and kept for 1 hr. at 400. The solution was then neutralized with N-HCI (using litmus paper), washed into a distilling flask with 20 ml. water and reduced in vacuo to about 5 ml. in order to remove ethanol. The solution was transferred to a measuring flask and made up to 20 ml. This stock solution (about M) was stored in the refrigerator. Before use it was usually diluted to about 0-2M. The exact strength of the solution used was remeasured in each experiment. The complete removal of ethanol was essential as it interferes with the determination of ,-hydroxybutyric acid.
Spontaneo decomposition of acetoacetate. The occurrence of a non-enzymic 'ketone decomposition' of acetoacetate makes it difficult to estimate accurately the rate of acetoacetate metabolism when the rate of the latter is low. The spontaneous decomposition depends, among other factors, on the acetoacetate concentration and on the presence of amino compounds (Pollak, 1907; Ljunggren, 1925) and varies therefore with the conditions of the experiment.
We tried to measure the spontaneous decomposition by separating it from the metabolic decomposition by heat inactivation. The tissue suspension was warmed for 60 min. to 600; this treatment suppresses the metabolic processes and any disappearance of acetoacetate from such an 'inactivated' suspension may therefore be attributed to nonenzymic reactions. According to Table 1 the loss of acetoacetate in sheep heart suspension of the type used in our experiments was 4-5% after 40 min. and 6-4 % after 80 min. incubation. The losses recorded in the table included that incurred during the equilibration period of the manometric estimation-between 1 and 2 %-and this circumstance may explain why the loss is not directly proportional Total volume 110-120 ml. Dimensions in mm. i'actual size. to the duration of the incubation. In kidney suspensions the loss was somewhat greater than in heart suspensions.
Throughout this paper the data on the disappearance of acetoacetate represent the actual measurements, no correction for the non-enzymic loss having been made, as this loss is usually small; but attention is drawn to the loss where it is of significance in the interpretation of the results.
Analytical methods
Acetoacetic and oxaloacetic acids. The separate manometric determination of these two fi-ketonic acids, when present together, is based on the fact that aniline deoarboxylates both acids, whilst Al+++ salts decarboxylate oxaloacetic acid on]y (Krebs, 1942) . Both determinations were carried out directly on the supernatant of the centrifuged tissue suspension.
The aniline method for the determination of ,-ketonio acids (Ostern, 1933; Edson, 1935) was modified in order to reduce the 'spontaneous' decomposition of the ,B-ketonic acids during the period of equilibration. The rate of the spontaneous decomposition is lowered by mineral acids,
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the pH optimum being near the neutral point (Ljunggren, 1925) . We therefore add enough 2N-HCl to the solution to bring its final concentration to about 0-2N. The main compartment of the vessels was filled with 3 ml. of the unknown solution (containing up to 400,1A. fi-ketonic acid), 0-3 ml.
2N-HCI and 0-5 ml. 50% citric acid, the side-arm with 1 ml. aniline citrate (4-5 ml. aniline plus 5-5 ml. 50 % citric acid). The temperature of the bath was 250. On mixing the reagents in the absence of /3-ketonic acids a negative pressure of 14 mm. Brodie fluid was observed on the manometers. Allowance for this 'blank' was made in all measurements.
Oxaloacetic acid was determined in conical Warburg flasks provided with two side-arms, each capable of holding at least 1 ml. fluid. The main compartment contained 2 ml.
of the solution to be tested, acidified with 2 N-HCl to 0-2 N.
Side-arm one contained 1 ml. 0-75 M-phthalate buffer (15-3 g. potassium hydrogen phthalate and 1-8 g. NaOH in 100 ml.), side-arm two 1 ml. 33-3% Al1(SO4),. 18H20. The bath temperature was 250. After equilibration the contents, first of side-arm one, and then of side-arm two, were mixed with the solution in the main compartment. A control experiment, measuring the changes of pressure due to mixing the various solufions and containing water instead of the unknown solution, was run parallel with the estimations. The COe evolution was usually complete within 60 min. The yields were a few per cent below the theoretical amounts, probably owing to the spontaneous decomposition of oxaloacetic acid during the period of equilibration. For example, 215 and 107-5 1. were recovered from pure aqueous solutions containing 224 and 1121A. acid. In another recovery experiment, oxaloacetic acid was added to muscle extract containing 0-2 N-HCI and the period of equilibration was extended to 1 hr. (usually 20 min. are required); the yields were in this case between 87-5 and 89 % . The amounts of acetoacetic acid were calculated by deducting the amounts of oxaloacetic acid from those of total ,B-ketonic acids as determined by the aniline method.
Lactic acid was determined according to Friedemann & Graesor (1933) . A suitable quantity of tissue suspension containing preferably about 2 mg. lactic acid was diluted to 40 ml. and protein and other interfering substances were removed by the copper-lime precipitation. Controls showed that malic, fumaric, citric, pyruvic, oxaloacetic and ,Bhydroxybutyric acids, in the quantities occurring in our samples, did not significantly interfere. Acetoacetic acid and acetone were removed by boiling the solution gently in the distilling flasks for 10 min. before KMnO4 was added and before the distillate was collected.
Pyruvic acid was determined by the carboxylase method. 1 ml. of the acid (0-4x) tissue suspension, 0-4 ml. 3M-sodium acetate-to adjust the pH to 5-0-and 2 ml. water were measured into themain compartmentof a conicalmanometer flask, and 1 ml. freshly prepared yeast extract (see Krebs & Johnson, 1937) was placed in the side-arm. If oxaloacetic acid was present the result was corrected by assuming that 1 molecule of oxaloacetic acid, when added to carboxylase, yielded 1-0 mol. C02 (this being the average of eight determinations). In most determinations a rapid 002 evolution from the decarboxylation of pyruvic and oxaloacetic acids was followed by a slow and steady evolution of C00, probably from ac-ketoglutaric acid. The end-point of the rapid decarboxylation was ascertained by extrapolation. Biochem. 1945, 39 Succinic acid was extracted with ether after deproteinization with tungstic acid and measured manometrically (Krebs, 1937) . Usually 3-5 ml. suspension were used. The ether for the extraction must be free from aldehyde (2 ml. Nessler's reagent must remain clear when shaken with 5 ml. ether), the presence of which causes loss of succinic acid. Small amounts of acetaldehyde were removed by shaking the ether with alkaline KMnO4 (saturated solution of KMnO4 in N-NaOH).
oc-Ketoglutaric and m-hydroxyglutaric acids. As cardiac muscle reduces oc-ketoglutaric acid to a-hydroxyglutaric acid (Weil-Malherbe, 1937) , the two acids are likely to occur together. The sum of the acids was measured as follows (see Krebs, 1938) . A portion of the protein-free filtrate (deproteinized with tungstic acid) corresponding to about 4 or 5 ml. tissue suspension, was diluted to about 15 ml. and acidified with 2 ml. 50% H,2SO4. Then first 5 ml. 4-7% KMnO4 and afterwards 0-5 ml. acid MnSO4 were added and allowed to react for 60 min. at room temperature. The excess of oxidizing agent was removed by addition of enough acid FeSO4 solution (200 g. FeSO4. 7H20 and 10 g. H2SO4, in 1 1.) to turn the colour of the solution pale green. The succinic acid formed was extracted and determined. When succinate was present in the original suspension, this was determined in a separate portion. The difference between succinic acid found after direct extraction and succinic acid found after treatment with KMnO4 represents the sum of oc-keto-and ac-hydroxyglutarate. Glutamic acid does not react in significant quantities under the above conditions. Using this procedure we recovered about 95% ao-ketoglutarate and about 90% oc-hydroxyglutarate from pure solutions.
For the separate determination of oc-ketoglutaric and oc-hydroxyglutaric acids an excess of 2:4-dinitrophenylhydrazine (1% solution in 10% H2S04) was added to the deproteinized filtrate. After standing 30 min., the hydrazones were extracted with aldelyde-free ether and oxidized to succinic acid as previously described (Krebs, 1938) . Before the extraction of succinic acid, FeSO4 solution was added as stated above. The aqueous phase containing o-hydroxyglutaric and succinic acids was mixed with 1 ml. acetone to remove the excess dinitrophenylhydrazine. The volume was measured and the precipitate filtered off after 30 min. A known quantity of the filtrate was boiled to remove the excess of acetone. After cooling, the solution was acidified, treated with KMnO4 and extracted as stated for the determination of the sum of the keto-and hydroxyacids. Recovery from pure mixtures of the two acids was about 95 % for oc-ketoglutaric acid and 75 % for OC-hydroxyglutaric acid.
Fumaric and malic acids. Fumaric acid was estimated by the method of Krebs, Smyth & Evans (1940) , by reduction to succinic acid and manometric determination of the latter using 3-5 ml. suspension. In previous -work from this laboratory the concentration of 1( -)-malic acid was calculated from the equilibration constant on the assumption that owing to the powerful activity of fumarase the two acids are virtually present as the equilibrium mixture.
This assumption was based on the observation that under experimental conditions the equilibrium is established within a few minutes, 5-10 min. when fumarate was added (see Table 2 ), and even more rapidly when 1( -)-malate was added. In 0.96* * On the assumption that the ratio 1( -)-malate/fumarate, in the equilibrium mixture is 3-17 (Krebs, Smyth & Evans, 1940) , 1-02 mg. I( -)-malic acid are expected. dative enzymes. In the course of the present work we found that the proportion of fumaric to malic acids in the metabolically active tissue differed frequently from the expected ratio. The ratio malate/fumarate was usually much lower than it is in tissue from which the energy-giving reactions have been eliminated. For example, when a suspension of fresh sheep heart in 9 parts of phosphate saline was shaken for 30 min. with fumarate (final concentration 0-02m) the following ratios were observed (40°).
Shaken in 02: ratio malate/fumarate, 1-75; 1-56 (duplicates).
Shaken in N2: ratio malate/fumarate, 1-53; 1-65 (duplicates). When the same cardiac muscle was used after washing with water and addition of octanol, the ratio measured under otherwise identical conditions agreed within the limits of error with the previously reported figure of 3-17. It was thus not permissible to calculate the concentration of malic acid from the equilibrium constant. We used the polarimetric method of Auerbach & Kruger (1923), as modified by Krebs & Eggleston (1943) , for the independent determination of malic acid; 8 ml. unknown solution which oontained 0-2w-HCI, 2 ml. x-trsodium citrate, 1 ml. glacial acetic aoid, 29% (w/v) aqueous commercial ammonium molybdate, feshly prepared solution, and about 0-5g. charcoal, were mixed and f$tered and the rotation was read in 2 dm. tubes. Under the conditions employed [z]2 was + 15500 and a reading of 10 indicated the presence of 0-806 mg. malic acid/ml. of the unknown solution under the same conditions. [a]°of the molybdate complexes of I( + )-lactic acid was -840; of 1( -)-c-hydroxyglutaric acid -760; of ( -)-i8ocitric Acid -780°. The quantities of these three acids in our solutions were usually so small that their effect on the rotation could be neglected. In some cases correction factors based on the above figures were used.
As for the explanation of the differences of the ratios malate/fumarate in fresh and treated tissue, the assumption that the differences are due to the circumstance that the two reactions establishing the equilibrium are outpaced by other reactions of fumarate and malate upsetting the equilibrium is not supported by the available evidence; fumarase seems to be fully active in fresh tissue; the potential rates of the reactions catalyzed by this enzyme, therefore, are at least 10 times greater than the rates of other reactions of L. V. EGGLESTON I945 fumarate and malate. It is more probable that the environment of the enzyme is different in fresh and treated tissue. The enzyme may be localized in a lipid phase where the relative concentrations of the two acids and of water are different. Jacobsohn (1934) , Jacobsohn, Pereira & Tapadinhas (1932) and Jacobsohn & Tapadinhas (1934) also noted that the equilibrium depends on the source and treatment of the enzyme preparation. pFiHydrozylu4yric acid. A modification of Van Slyke's mercuric sulphate method was used (see Edson, 1935) . A quantity of the solution containing preferably between 1 and 2 mg. of the acid was diluted to 40 ml. in a stoppered 50 ml. measuring cylinder and mixed with 5 ml. 20 % (w/v) CuSO4.5H20 and 5 ml. 20% (w/v) Ca(OH)2 suspension.
After 30 min. the suspension was filtered and 30 ml. filtrate were transferred to a 250 ml. ground-glass boiling flask;
2-4 ml. .50% (v/v) H2804 and 8-4 ml. 10% (w/v) HgSO4
were then added. The solutions were boiled under reflux for 30 min, and then allowed to stand overnight. The precipitate, containing the mercuric complexes of acetone, pyruvic acid, and possibly of other substances, were separated from the solution by suction through a Jena G 4 sintered glass funnel and washed with a few ml. 5 % sul. phuric acid. The further treatment was as described by Edson (1935) except that an extra amount--05 ml.-of 7 5x-NaOH was added to facilitate the reduction of the Hg ions, and 10 min. were allowed for the reduction. After addition of iodine, the solution was allowed to stand until it was completely clear (30-60 min.). Recovery of Phydroxybutyrate added to inactivated tissue suspensions was quantitative. This method, like all other micro-methods for the determination of fi-hydroxybutyric acid, suffers from lack of specificity. However, we have convinced ourselves that interfering substances, among them lactic acid and ethanol, did not occur in significant quantities in our material, for fi-hydroxybutyric acid was found only when acetoacetic acid had been added. In control suspensions similar quantities of substances which might be expected to interferecitric, malic, fumaric, a-ketoglutaric, lactic acids-yielded no measurable amount of 'p-hydroxybutyric acid'.
Citric, 1( -)-isocitric and cis-aconitic acids were determined according to the methods described by Krebs & Eggleston (1944) . The colorimetric procedure was followed whenever fi-hydroxybutyric acid was present or likely to be present. The three tricarboxylic acids were always found to be present as their equilibrium mixture.
Tota CO, was measured manometrically according to Warburg & Yabusoe (1924) .
RESULTS
Aerobic and anaerobic removal of acetoacetate. Data showing the order of magnitude of the rate of acetoacetate removal in minced sheep heart are shown in Table 3 . The data all refer to suspensions where acetoacetate was the only substrate added. It will be seen that under these conditions two to three times more acetoacetate is removed aerobically than anaerobically.
Effect of nuaonate. Jowett & Quastel (1935) , working with kidney tissue, found that the aerobic removal of acetoacetate is inhibited by malonate whilst the anaerobic removal is not affected. This is also true for minced sheep heart, as will be seen from (Tables  6 and 6 ) and raised it to, or even above, the level of the aerobic removal.
The increase was also observed under aerobic conditions, but the effect was less marked. When malonate is present, however, the four acids increased the aerobic acetoacetate removal almost as much as the anaerobic removal. They almost abolished the malonate inhibition (Table 6 ). These results support the view that metabolites arising in the tissue through the intermediation of succinic Mechanism of action of c-ketoglutarate. The results of two experiments in which approxiimately equimolecular quantities of acetoacetate and oc-ketoglutarate were added anaerobically to minced sheep heart and the changes in the concentrations of relevant metabolites were measured are shown in Table 9 . When oc-ketoglutarate alone was added, Krebs & Johnson (1937) to occur in kidney and brain: a-ketoglutarate + acetoacetate + H20 = succinate + CO2 + ,-hydroxybutyrate.
(4) Acetoacetate and fumarate. The results of an experiment in which acetoacetate and fumarate were added anaerobically to sheep heart are recorded in Table 10 . It will be seen that in vessel 3 the centration during the incubation was therefore much lower than in vessel 1 and the deficit, if any, is therefore expected to be greater in 2 than in 3.
Of the added fumarate 72 % was recovered either as fumarate or as malate in the control vessel 1 (where no other substrate was added). The rest was converted into succinate, a.-keto-and o-hydroxyglutarate. This may be explained by a series of oxido-reductions, the primary reaction being: fumarate + malate = succinate + oxaloacetate. This reaction was observed by Green (1936) and Dewan & Green (1937) in certain enzyme preparations. It would be followed by the series of reactions of oxaloacetate reported by Krebs, Eggleston, Kleinzeller & Smyth (1940) in which part of the oxaloacetate is reduced to malate whilst part enters oxidative reactions yielding the tricarboxylic acids and oc-ketoglutarate. The latter then undergoes dismutation (3).
The effect of fumarate on the removal of acetoacetate (vessel 3) is, as in previous experiments, Krebs, Eggleston, Kleinzeller & Smyth, 1940 Succinate, it will be noted, can be formed in two different ways. How much is formed by reduction of fumarate and how much by oxidation of a-ketoglutarate can be approximately estimated from the oxidation reduction balance of the system. The calculation is not completely accurate because certain small fractions of some metabolites were not formed during the incubation but were present from the start, as the figures referring to the control vessel 4 indicate. The preformed quantities were not determined in this experiment; being small they were neglected in the calculation of Table 11 . The Many experiments were carriea out where oxaloacetate replaced fumarate. An example is given in with oxaloacetate, the former is reduced to ,Bhydroxybutyrate and the quantities of malate and fumarate formed are smaller, whilst those of the oxidation products (citrate, a-ketoand oc-hydroxyglutarate, and succinate) are increased.
The following two points deserve special mention. (1) The acetoacetate removed is completely accounted for by the ,B-hydroxybutyrate formed. None of the acetoacetate can therefore have reacted in the manner assumed by Breusch (1943) and Wieland & Rosenthal (1943) . (2) In the presence of acetoacetate some of the added oxaloacetate is recovered unchanged. It is unlikely, in view of the instability of this substance, that the recovered oxaloacetate is a remnant of the originally added compound, since no oxaloacetate is found in the absence of acetoacetate. It is more probable that -oxaloacetate is found because it is continuously reformed from malate according to reaction (5). (2) respectively. As these reactions do not require 02 they would be expected to occur under the conditions of our anaerobic experiments if the hypotheses are correct. In fact the reactions did not occur. As virtually all acetoacetate could be recovered either as ,-hydroxybutyrate (or unchanged), the occurrence of the reactions (1) or (2) under the conditions of our experiments can be definitely excluded. Breusch and Vieland & Rosenthal did not examine the formation of ,-hydroxybutyrate. Their hypotheses were merely based on the observation that acetoacetate increases the yield of citrate formed in the presence of oxaloacetate. However, this observation can be explained otherwise: when oxaloacetate alone is added to the tissue a large proportion undergoes reduction to malic acid, whilst another portion enters oxidative reactions yielding, among other substances, citrate. Acetoacetate causes the reoxidation of malate to oxaloacetate, and thus makes a greater proportion available for the reactions leading to citrate. Oxidation-reductionpotentials. Accordingto Green, Dewan & Leloir (1937) , Eo' of the system ,-hydroxybutyrate = acetoacetate is -0-282 V. (380; pH 7-0).
According to Laki (1937) , Eo' of the system 1(-)- The reaction malate + acetoacetate -+ oxaloacetate + ,-hydroxybutyrate is thus expected to be stopped at a very early stage by the products of the reaction. Actually this does not happen. The fact that oxaloacetate is very rapidly removed by secondary reactions does not account for this apparent discrepancy. Its cause requires further investigation. SUMMARY 1. Acetoacetate was added to suspensions of minced sheep heart muscle under varying conditions. The chemical changes associated with the disappearance of acetoacetate were investigated.
2. Flasks for large-scale metabolic experiments, holding between 40 and 150 ml. tissue suspension, are described.
3. Manometric methods for the separate determination of oxaloacetate and acetoacetate are described. The former is measured by decarboxylation with aluminium sulphate and the sum of ,B-ketonic acids by decarboxylation with aniline citrate. Modifications and special details of the methods for the determination of succinic, a-ketoglutaric, oc-hydroxyglutaric, fumaric, 1(-)-malic and ,hydroxybutyric acids are described.
4-Qacetotat was about -15 in 02 and -6 in N2 when the concentration of the substrate was 0-02M and when no other substrates were added. These rates are considerably higher than those previously reported for animal tissues.
5. The aerobic removal of acetoacetate is inhibited by 0-001 M-malonate, whilst the anaerobic removal is not affected. The inhibitionis taken to indicate that succinic dehydrogenase plays a part in the aerobic removal of acetoacetate. 6. Fumarate, 1(-)-malate, oxaloacetate and oaketoglutarate increase the rates of the aerobic and anaerobic removal of acetoacetate, the latter more than the former. In the presence of these substances the difference between the aerobic and anaerobic rates are small. The same substances largely abolish the inhibition by malonate.
7. The effect of oc-ketoglutarate was found to be due to the reaction: acetoacetate + oc-ketoglhtarate + H20 = fi-hydroxybutyrate + succinate + CO2 . 8. The anaerobic effects of fumarate, l(-)-malate and oxaloacetate can be accounted for by the assumption that the reaction: acetoacetate + l(-)malate = P-hydroxybutyrate + oxaloacetate takes place. Oxaloacetate does not appear to react directly with acetoacetate, but only after reduction to 1(-)-malate.
9. Under the conditions of the anaerobic experiments virtually all metabolized acetoacetate was recovered as ,B-hydroxybutyrate. This is evidence against the hypotheses of Breusch (1943) and of Wieland & Rosenthal (1943) , which assume direct anaerobic formation of citrate from oxaloacetate and acetoacetate. An alternative explanation for the yields of citrate observed by Breusch and by Wieland & Rosenthal is proposed. It is pointed out that the evidence presented by these authors in support of their hypotheses is inconclusive. This work was aided by a grant from the Rockefeller Foundation.
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